The binding and uptake of chylomicron remnants by human macrophages was studied in order to resolve paradoxical observations that have described the putative mechanisms by which postprandial lipoproteins induce foam cell formation. Chylomicron remnants bound to human monocyte-derived macrophages (HMMs) and to the transformed monocytic cell line THP-1 with high affinity (K d of approx. 5n5 µg of chylomicron remnant protein/ml). Binding was found to be saturable for both cell types, and was strongly inhibited in the presence of unlabelled chylomicron remnants. Ligand blot studies with colloidal-gold-labelled chylomicron remnants identified two cell surface binding sites on both HMMs and THP-1 cells, with molecular masses of approx. 128 kDa and 43 kDa. The high-molecular-mass binding site was found to be the lowdensity lipoprotein (LDL) receptor, based on the strong inhibition of chylomicron remnant binding in the presence of unlabelled LDL, Fab 2 antibody fragments to the LDL receptor or calcium chelators. Competition studies suggested that, in HMMs, the LDL receptor appeared to facilitate approximately half of the total chylomicron remnant uptake. In contrast, the LDL receptor was not significantly involved in macrophage uptake of chylomicron remnants by THP-1 cells. The identity of the 43 kDa binding site is presently unknown, but, importantly, expression was not inhibited as a consequence of sterol loading, which was induced by incubating HMMs and THP-1 cells with 25-hydroxycholesterol. In contrast, the expression of the LDL receptor was substantially attenuated following lipid loading. Collectively, our data suggest that, while the macrophage LDL receptor can bind chylomicron remnants and facilitate uptake in nonlipid-loaded HMMs, other sterol-insensitive sites are responsible for the unabated uptake of chylomicron remnants by macrophages. We propose that the 43 kDa macrophage chylomicron remnant binding protein may be a candidate for the sterol loading of macrophages.
INTRODUCTION
A hallmark feature of atherogenesis is the intimal accumulation of sterol-loaded macrophages, commonly and proliferation, and the release of cytotoxic compounds which promote plaque instability. There are several ' proatherogenic ' lipoproteins which can initiate arterial lipid deposition, including those involved in the transport of endogenous cholesterol (low-density lipoprotein, LDL) as well as exogenous sterols (chylomicron remnants). Common to both lipoprotein types is the entrapment of particles within the subendothelial space and subsequent uptake by resident monocyte\macrophages. Native LDLs in themselves do not induce lipid loading of macrophages [2] . However, LDLs are subject to unabated uptake by macrophages via scavenger receptor pathways [2, 3] , following chemical or physical remodelling within the arterial milieu. Less clear is the mechanism(s) by which chylomicron remnants induce macrophage lipid loading. Studies to date suggest that the processes of remnant uptake may be different from that described for modified LDLs, which raises the possibility of two separate pathways for foam cell formation [4, 5] .
Floren and Chait [4] found that chylomicron remnants competed for the uptake of native LDL by human monocyte-derived macrophages (HMMs), and concluded that the LDL receptor was involved in the uptake of chylomicron remnants by HMMs. In contrast, Van Lenten et al. [5] found that chylomicron remnant uptake by HMMs persisted in the absence of the LDL receptor and, unlike the normal regulation of LDL receptor expression, was not decreased as a consequence of sterol loading. Later, Ellsworth and co-workers [6] found that in the transformed macrophage cell lines J774 and P388D, and in primary cultures of mouse peritoneal macrophages, binding and uptake of chylomicron remnants was via a receptor that was immunologically related to the LDL receptor. More recently, Gianturco and co-workers [7, 8] demonstrated binding of chylomicrons and verylow-density lipoprotein (VLDL) from subjects with types IV and V hyperlipoproteinaemia to cell surface proteins with molecular masses of 200 and 235 kDa in human and THP-1 monocyte macrophages, and of 190 kDa in mouse peritoneal macrophages [9] . However, the triacylglycerol-rich lipoprotein binding sites are for large chylomicron remnants (S f 400) which do not have access to the arterial wall. We have demonstrated previously that the high-affinity uptake of chylomicron remnants by rabbit alveolar macrophages is not consistent with uptake via the LDL receptor, the LDLreceptor-related protein (LRP) or scavenger receptor pathways [10] . Clearly, the identity of the cell surface protein(s) involved in the uptake of chylomicron remnants by macrophages in the arterial wall remains unresolved.
The aim of the present study was to identify and characterize the primary mechanism by which chylomicron remnants induce lipid loading in human macrophages. We have utilized a sensitive ligand binding technique to investigate the binding of chylomicron remnants to proteins of HMMs and of the human monocytic leukaemia cell line, THP-1. We report that chylomicron remnants are bound principally by two human macrophage cell surface proteins. However, we propose that a single protein with an apparent molecular mass of 43 kDa may facilitate foam cell formation, given the finding that its expression is not decreased by sterol loading.
MATERIALS AND METHODS

Preparation of Fab 2 fragments of polyclonal LDL receptor antibody and control antibody
The LDL receptor polyclonal antibody was raised in rabbits against LDL receptor purified from bovine adrenal cortex [11] . Fab # fragments were generated using a Fab # preparation kit according to the manufacturer's instructions (Pierce Chemical Co., Rockford, IL, U.S.A.).
Lipoproteins
Lymph chylomicrons were prepared as described previously [12] . Briefly, 2 % (v\v) Intralipid (Kabi Pharmacia, Uppsala, Sweden) in 4 % (w\v) glucose was infused constantly by way of a gastric cannula into donor animals. Nascent chylomicrons were isolated from the lymph by gradient ultracentrifugation [13] . Chylomicrons (1n5 g of triacylglycerol) were injected into functionally eviscerated rabbits infused with 5 % (w\v) glucose and circulated for 3 h [9] . Remnants were isolated from plasma by density-gradient ultracentrifugation. Chylomicron remnants contained no detectable apolipoprotein B-100, as determined by PAGE, and were rich in apolipoprotein E [10, 14] . Chylomicron size was determined by laser light scanning and electron microscopy, and was consistently 40-50 nm [10] .
For LDL, the lipoprotein density fraction 1n025-1n060 g\ml was isolated from plasma (obtained from the Australian Red Cross Blood Transfusion Service) by sequential density gradient ultracentrifugation, as described previously [15] . LDL was dialysed against isotonic saline at 4 mC.
The protein content of the lipoproteins was determined using the BCA (bicinchoninic acid) protein assay kit (Pierce Chemical Co.), with BSA as the standard.
Radioiodination of chylomicron remnants
Chylomicron remnants were radioiodinated as described previously [12] using the residual label tyramine cellobiose (TC). Briefly, 0n1 µmol of TC was radioiodinated using Iodogen (Pierce Chemical Co.). The iodinated TC was then activated by the addition, in the following sequence, of cyanuric chloride (in equimolar proportions to TC), NaOH (0n2 µmol) and acetic acid (0n3 µmol). The activated TC was then incubated with the chylomicron remnants for 45 min. Following incubation, unbound iodinated TC was removed by filtration through a polyacrylamide desalting column and extensive dialysis.
Cells
Human HMMs were derived from human monocytes isolated from healthy male volunteers using Ficoll-Paque (Amersham Pharmacia Biotech, Uppsala, Sweden) [16] , and seeded at 4n8i10& cells\well (96-well plate ; FAL-CON ; Becton Dickinson Labware, Franklin Lakes, NJ, U.S.A.) or at 1n2i10( cells\35 mm plate (FALCON). Cells were grown in RPMI 1640 medium supplemented with 10 % (v\v) fetal bovine serum, 2 mM glutamine, 100 µg\ml penicillin and 100 units\ml streptomycin (complete medium). All experiments were carried out on day 10 after initiation of the culture.
THP-1 cells were obtained from the American Type Culture Collection, and were grown in RPMI 1640 medium supplemented with 10 % (v\v) fetal bovine serum, 2 mM glutamine, 100 µg\ml penicillin and 100 units\ml streptomycin. Cells were maintained in 75 cm# stock flasks at 37 mC in a humidified atmosphere of 5 % CO # at 1n0i10& cells\ml. For differentiation, cells were seeded at 6i10& cells\well (24-well plate ; FALCON) or at 1n5i10( cells\100 mm plate (Corning Costar Corp., Cambridge, MA, U.S.A.) in complete medium containing PMA (100 nM final concentration). All experiments were carried out on day 3 after addition of PMA.
Binding and uptake studies
Cells were washed three times with RPMI 1640 medium before incubation with "#&I-labelled chylomicron remnants. For binding studies at 4 mC, cells and incubation mixtures containing labelled chylomicron remnants were pre-cooled on ice for 15 min. HMMs or THP-1 cells were incubated with lipoproteins for 110 min. Following incubation with labelled chylomicron remnants, the cells were washed three times with ice-cold RPMI 1640 medium. To determine "#&I-chylomicron remnant binding, the cells were then dissolved in 0n1 M NaOH containing 0n1% (v\v) Triton X-100, and radioactivity in aliquots was counted using an LKB Wallace 1277 Gammamaster γ-radiation counter. The dissolved-cell protein content was measured using the BCA protein assay kit. Uptake studies were carried out as described for the binding studies, except that the temperature was 37 mC. Cells were incubated for 110 min and then placed on ice prior to washing with ice-cold RPMI 1640 medium. The results were calculated as µg of chylomicron remnants bound (4 mC) or associated (37 mC) per mg of cell protein. The binding constant, K d , and maximum number of binding sites, B max , were determined using computer-aided non-linear regression analysis (Prism ; GraphPad Inc.) as described previously [10] .
Preparation of cell protein extract
Whole-cell extracts THP-1 monocyte-derived macrophages and HMMs were cooled, washed and harvested in ice-cold 0n15 M NaCl containing 1 mM PMSF and 1 mM benzamidine. For whole-cell extracts, cells were resuspended in 50 mM Tris\maleate buffer, pH 6n0, containing 2 mM CaCl # , 10 mM N-ethylmaleimide, 1 mM PMSF, 1 mM benzamidine and 1n5% (v\v) Triton X-100, and extracted overnight on a rotator at 4 mC. Extracts were spun in a Microfuge at 15 800 g for 10 min to remove cell debris. The supernatant was removed by gentle aspiration. Glycerol (10 %, v\v) was added to the supernatant, and the supernatant was frozen overnight at k20 mC before being stored at k80 mC.
Whole-cell extracts treated with Pronase
THP-1 monocyte-derived macrophages or HMMs were washed three times with RPMI 1640. Cells were then incubated at 37 mC and 5 % CO # with Pronase (10 µg\ml) dissolved in RPMI 1640. The cells were washed three times with ice-cold RPMI 1640 and extracted as described above.
Sterol-loaded whole-cell extracts THP-1 cells or HMMs were incubated with complete medium (also containing 100 nM PMA in the case of THP-1 cells) containing 0n6% (v\v) ethanol (control) or 0n6% (v\v) ethanol plus 2n5 µM 25-hydroxycholesterol and 51n7 µM cholesterol for 48 h, prior to extraction as described above.
Note that, in order to obtain sufficient protein for detection, cells were prepared in batches, and extracts were combined.
Preparation of colloidal gold
Colloidal gold was prepared as described by Frens et al. [17] . Briefly, the glassware was cleaned thoroughly with sulphochromic acid and siliconized with 5 % dichlorodimethylsilane in tetrachloromethane. Trisodium citrate solution (1 %, w\v; 2n8 ml) was added to 100 ml of 0n01 % (w\v) HAuCl % that had been heated to boiling. Boiling was continued until the solution turned red and the colour did not change further.
Preparation of gold-conjugated lipoproteins
Chylomicron remnants were dialysed overnight against 50 mM EDTA, pH 8n0. Colloidal-gold-labelled chylomicron remnants were prepared by a modification of the method described by Pal et al. [18] . Chylomicron remnants (200 µg of protein) were diluted to 0n5 ml with deionized water, and 5 ml of the colloidal gold solution was added rapidly while agitating on a vortex mixer. The tubes were then spun at 20 000 g for 16 min at 10 mC. The supernatant was aspirated, and re-spun at 30 000 g for 25 min at 10 mC. The pelleted colloidal-goldchylomicron-remnant conjugates were then collected and combined, and 20 % (w\v) sucrose was added. Colloidal-gold-labelled chylomicron remnants were stored at k80 mC. All preparations were routinely examined by negative staining, as described below, prior to use.
Negative staining
Gold-conjugated chylomicron remnant samples were mixed with 2 % (w\v) osmium tetroxide and placed on formvar-coated 150 mesh grids. The grid containing colloidal-gold-labelled chylomicron remnants was then negatively stained with 1 % (w\v) sodium phosphotungstate, pH 7n2. The grid was then examined in a Jeol 2000FX transmission electron microscope at 80 kV.
Ligand and immunoblotting
Macrophage proteins were separated on gradient 5-20 % (w\v) polyacrylamide slab gels using the system of Laemmli [19] under non-reducing conditions. Gels were calibrated with Rainbow molecular mass markers (Amersham Pharmacia Biotech). Proteins were transferred to a nitrocellulose membrane (0n45 µm ; Schleicher & Schuell, Dassel, Germany) with the buffer system described by Burnette [20] using a Bio-Rad transfer unit (with plate electrodes) at 10 mC for 2 h at 100 V, followed by 16 h at 45 V. Complete transfer of proteins was confirmed by Coomassie Blue staining of the gel after transfer.
The membrane was blocked in 240 mM Tris\HCl, pH 8n0, containing 50 mM NaCl, 4 mM CaCl # and 40 mg\ml BSA at 37 mC for 2 h. Gold-conjugated chylomicron remnants were diluted in 60 mM Tris\HCl, pH 8n0, containing 25 mM NaCl, 2 mM CaCl # and 20 mg\ml BSA, and then incubated with the membrane for 1 h. The nitrocellulose membranes were rinsed several times with 60 mM Tris\HCl, pH 8n0, containing 25 mM NaCl, 2 mM CaCl # and 20 mg\ml BSA, and then blotted and dried.
For immunoblotting, membranes were blocked in 10 mM Tris, pH 7n4, 0n15 M NaCl and 1 % (v\v) Tween 20 (TBST) containing 10 % (w\v) skimmed-milk powder for 1 h. Following washing, membranes were incubated with 0n1 µl\ml (anti-LDL receptor) antibody in TBST for 1 h. The membrane was quickly rinsed with TBST, followed by a 10 min wash with TBST, and then two 5 min washes. The nitrocellulose membrane was then incubated with 0n1 µl\ml goat anti-(rabbit IgG) in TBST for 1 h and then rinsed. Immunoblots were developed using Enhanced Chemiluminescence substrate (Amersham Pharmacia Biotech) as described by the manufacturer.
Quantification of chylomicron remnant binding
Membranes were scanned using an S-6E UMAX scanner (Umax Data Systems Inc., Hsinchu, Taiwan). Densities of gold-labelled chylomicron remnants bound to the cell proteins were analysed using NIH Image software.
RESULTS
The existence of a high-affinity binding site for chylomicron remnants in HMMs and THP-1 cells was tested by incubating macrophages with iodinated chylomicron remnants in the absence and presence of a 5-fold excess of unlabelled chylomicron remnants at 4 mC. The K d values for the binding of chylomicron remnants to HMMs and THP-1 cells were similar, being 5n85 and 5n12 µg of chylomicron remnant protein\ml respectively. However, the B max at 4 mC was found to be greater in HMMs (320n31 µg of chylomicron remnant protein\mg of cell protein) than in THP-1 cells (190n74 µg of chylomicron remnant protein\mg). The uptake of chylomicron remnants, determined at 37 mC, was found to be saturable, and approx. 80 % was inhibited by competition with a 20-fold excess of unlabelled chylomicron remnants (Figure 1) .
To assess the contribution of cell surface proteins to the binding and uptake of chylomicron remnants, macrophages were pretreated with Pronase. The binding and uptake of chylomicron remnants by the HMMs and THP-1 cells was assessed during a time frame of 110 min (Figure 2 ). Pronase pretreatment reduced the binding of chylomicron remnants by 17 % (P 0n033 ; paired Student's t-test) in HMMs and by 25 % in THP-1 cells compared with the control. The uptake of chylomicron remnants was also reduced by 55 % by Pronase pretreatment of HMMs. In contrast, Pronase pretreatment of THP-1 monocyte\macrophages did not attenuate the uptake of chylomicron remnants.
Ramprasad et al. [21] showed that, after treatment with Pronase, the number of binding sites for trypsinized VLDL returned to basal levels within 2 h. To rule out the possibility that receptor recovery attenuated the effects of Pronase on chylomicron remnant degradation by macrophages, binding was assessed at selected times after Pronase exposure (Figure 3) . We found that the binding of chylomicron remnants to THP-1 cells did not return to basal levels over the time period used to determine uptake at 37 mC. Left panel : THP-1 monocyte-derived macrophages were incubated with increasing concentrations of radiolabelled chylomicron remnants at 37 mC as described in the Materials and methods section. Right panel : THP-1 monocyte-derived macrophages were incubated with radiolabelled chylomicron remnants (5 µg of protein/ml) in the presence of unlabelled chylomicron remnants (concentrations as indicated) at 37 mC, as described in the Materials and methods section. The data represent the means of duplicate wells.
Figure 2 Effects of Pronase on total binding (left) and total uptake (right) of chylomicron remnants by monocyte-derived macrophages
THP-1 monocyte-derived macrophages (#) or primary HMMs ($) were incubated with increasing concentrations of Pronase at 37 mC for 30 min. The total cellassociated radiolabelled chylomicron remnant protein was then determined at 4 mC (total binding) or 37 mC during a time period of 110 min, as described in the Materials and methods section. The total uptake of chylomicron remnants was calculated by subtraction of the value for total binding from the value obtained at 37 mC. The data are expressed as a percentage of the control (0 µg of Pronase/ml), and are meanspS.E.M. for n l 3 experiments.
The contribution of the LDL receptor to the binding and uptake of chylomicron remnants by HMMs and THP-1 cells was determined by competition with unlabelled LDL and with an antibody specific for the LDL receptor. Binding of chylomicron remnants was (results not shown) . Uptake of chylomicron remnants was also assessed in the absence of calcium, a requisite for uptake via the LDL receptor [22] ( Figure 6 ). EDTA did not inhibit the uptake of chylomicron remnants by THP-1 cells. However, in HMMs, uptake of chylomicron remnants was reduced by approx. 35 %.
Scavenger receptors are responsible for the uptake of negatively charged particles, such as acetylated or oxidized LDL [3] . The role of the scavenger receptor in the binding of chylomicron remnants by HMMs and THP-1 cells was assessed in the presence of fucoidan (Figure 7 ). Fucoidan did not inhibit the uptake of chylomicron remnants by HMMs or THP-1 cells.
The cell surface protein(s) that are responsible for the binding and uptake of chylomicron remnants by HMMs and THP-1 cells were investigated by ligand blotting. Gold-conjugated chylomicron remnants bound to Cells were incubated with radiolabelled chylomicron remnants (5 µg of protein/ml) in the presence of unlabelled LDL (concentrations as indicated) at 4 mC (total binding) or 37 mC (total cell association), as described in the Materials and methods section. Total uptake was calculated by subtracting the total binding from the total cellassociated radioactivity. The data are expressed as a percentage of the control (0 µg of LDL/ml), and are meanspS.E.M. for n l 3 experiments. proteins (Figure 8, lanes 9 and 10) . Unlabelled chylomicron remnants abolished the binding of gold-labelled chylomicron remnants to both membrane proteins. It is not unknown whether the 43 kDa proteins represent two separate proteins. However, based on similar characteristics, it is possible that they may be two isoforms with one being glycosylated.
To characterize the 128 kDa protein further, wholecell extracts from both untreated and sterol-loaded THP-1 cells were subjected to immunoblotting (Figure 8,  lanes 11 and 12) . The 128 kDa binding protein was immunoreactive for the LDL receptor, and expression was Figure 6 Effects of EDTA on the binding and uptake of chylomicron remnants by monocyte-derived macrophages THP-1 monocyte-derived macrophages (#) or primary HMMs ($) were incubated with radiolabelled chylomicron remnants (5 µg of protein/ml) in the presence of increasing concentrations of EDTA at 37 mC, as described in the Materials and methods section. The data are expressed as a percentage of the control (0 µM EDTA), and are meanspS.E.M. for n l 3 experiments for THP-1 monocyte-derived macrophages and the averages of n l 2 experiments for HMMs. Duplicate data values for the binding of chylomicron remnants to primary HMMs at 20 mM EDTA are k28n9 % and k18n5 %. THP-1 monocyte-derived macrophages (#) or primary human monocyte-derived macrophages ($) were incubated with radiolabelled chylomicron remnants (5 µg of protein/ml) in the presence of increasing concentrations of fucoidan at 37 mC, as described in the Materials and methods section. The data are expressed as a percentage of the control (0 µg of fucoidan/ml), and are meanspS.E.M. for n l 3 experiments.
down-regulated by sterol loading. The whole-cell extract was also treated with 2-mercaptoethanol. Binding of the chylomicron remnants to the 128 kDa protein was abolished by treatment with the reducing agent (results not shown).
If membrane binding proteins are to be candidate proteins for the unabated uptake of lipoproteins and the subsequent formation of lipid-laden cells, then the proteins should not be regulated by cholesterol loading. HMMs and THP-1 cells were incubated with or without 25-hydroxycholesterol and cholesterol for 48 h. We 7 and 12 ). Prior to solubilization, cells were also incubated with (lanes 2 and 6) or without (lanes 1, 3-5 and 7-12) 10 µg of pronase/ml. Cells were solubilized, electrophoresed, transferred and blocked, and chylomicron remnant binding proteins were visualized with colloidal-gold-labelled chylomicron remnants (lanes 1-10). To assess specificity of binding, colloidal-goldlabelled chylomicron remnants were competed with a 10-fold excess of unlabelled chylomicron remnants (lanes 9 and 10). The LDL receptor was identified by immunoblotting, as also described in the Materials and methods section (lanes 11 and 12). Samples of 200 µg of cell protein were loaded on to all lanes, except for lanes 5-7, where 140 µg of cell protein was loaded.
found that the binding activity of the membrane binding protein of molecular mass 128 kDa was decreased by approx. 60 % (S.E.M. 1n2 %) in THP-1 cells and by approx. 90 % (S.E.M. 3 %) in HMMs by sterol loading (Figure 8, lanes 4 and 7) . In contrast, the binding activity of the membrane binding protein of molecular mass 43 kDa was not affected by sterol loading.
DISCUSSION
HMMs and the transformed monocytic cell line THP-1 bind chylomicron remnants with high affinity. Goldconjugated chylomicron remnants were found to bind to two macrophage cell surface proteins. These were a novel unidentified protein with an apparent molecular mass of 43 kDa and, as demonstrated in previous studies [4, 6] , the LDL receptor. Chylomicron remnant binding did not appear to be altered as a result of gold labelling, since unlabelled chylomicron remnants competed efficiently with conjugated particles for binding to macrophage proteins.
Collectively, the cell surface proteins that mediate binding appear to be obligatory for the uptake of chylomicron remnants in both the primary and transformed cell types, as demonstrated by the parallel changes in binding and uptake relative to susceptibility to degradation by Pronase and competition with unlabelled lipoproteins and antibodies. The insensitivity of the THP-1 43 kDa binding protein to Pronase, and the lack of attenuation by Pronase of THP-1 chylomicron remnant uptake, is consistent with a major role for the 43 kDa protein in chylomicron remnant uptake by THP-1 cells. Pronase resistance of the 43 kDa binding protein in THP-1 cells may reflect differences in glycosylation or accessibility to the protease.
A potentially important finding in the present study was the observation that expression of the 43 kDa protein was not attenuated following sterol loading, raising the possibility that this protein may mediate the unabated uptake of chylomicron remnants by macrophages. Moreover, identification of macrophage sterol-' sensitive ' and sterol-' insensitive ' binding sites can explain the paradoxical observations reported in earlier studies [4] [5] [6] 10] with respect to chylomicron remnant uptake by macrophages.
Ligand blotting studies found that approx. 50 % of specific chylomicron remnant binding by HMMs and 30 % of chylomicron remnant binding by THP-1 cells was via the LDL receptor. More importantly, competition studies found that unlabelled LDL, the absence of calcium or the presence of Fab # fragments specific for the LDL receptor all reduced the uptake of chylomicron remnants by HMMs, and to a lesser extent by THP-1 cells. Collectively, our data suggest that, in unstimulated and non-lipid-loaded monocyte\macrophages, the LDL receptor mediates approximately half the uptake of chylomicron remnants ; in THP-1 cells, this proportion is approximately one quarter. Our observations are consistent with those of Floren and Chait [4] and Ellsworth and colleagues [6] , whose studies demonstrated previously that the LDL receptor can contribute to the binding and internalization of chylomicron remnants by macrophages.
Brown and Goldstein [23, 24] showed, in skin fibroblasts, that LDL receptor expression is inversely regulated by the intracellular concentration of cholesterol. Similarly, in the present study we found reduced expression of the LDL receptor in macrophages that were sterol-loaded with 25-hydroxycholesterol. Reduced, but sustained, expression of the LDL receptor could facilitate chylomicron-remnant-induced cholesterol accumulation, i.e. foam cell formation, although this possibility seems unlikely, because macrophages exposed to native LDL do not become lipid loaded. Rather, evidence for chylomicron remnant uptake pathways in macrophages that are independent of the LDL receptor comes from studies which found unabated uptake of these lipoproteins in cells devoid of functional LDL receptor activity [7, 11] .
Gianturco and colleagues [8, 9] were the first to identify a triacylglycerol-rich lipoprotein binding site [membrane binding protein (MBP) 200, 235] that was not regulated by sterol loading. Using colloidal-gold-conjugated chylomicron remnants, we could not identify a macrophage chylomicron remnant binding site with a molecular mass within the region reported by Gianturco et al. (i.e. 200 kDa). One possible explanation for this paradoxical observation is that the protein identified by Gianturco et al. is specific for large chylomicron remnants with an S f of 400. The ligand preparations used in the present study were smaller in size (typically 40-50 nm, with a triacylglycerol\cholesterol ratio 10) than the chylomicron remnants used in studies by Gianturco and colleagues [8, 9] .
A new receptor with an estimated molecular mass similar to that found in the present study, i.e. between 40 and 50 kDa, was reported to mediate the binding and uptake of oxidized LDL [25] . The ' lectin-like ' oxidized LDL receptor-1 (LOX-1) is expressed in vascular endothelial cells and macrophages [25, 26] . We are unsure if the 43 kDa protein identified in the present study is LOX-1. However, polyinosinic acid, an inhibitor of binding to LOX-1 [25] , had no effect on chylomicron remnant uptake by THP-1 cells (C. L. Elsegood and J. C. L. Mamo, unpublished work).
Scavenger receptors have been demonstrated to be involved in the uptake of modified LDL by macrophages [3] . Scavenger receptor types I and II have molecular masses somewhat greater than 43 kDa ; however, a characteristic feature of this family of binding sites is the presence of cysteine-rich repeat sequences, which facilitate steric binding. To explore if chylomicron uptake by macrophages was dependent on a mechanism not unlike scavenger-mediated uptake, we determined the effects of fucoidan on binding and uptake. Consistent with earlier studies in rabbit alveolar macrophages, we found no evidence to support macrophage uptake of chylomicron remnants by scavenger, or chargedependent, pathways.
In conclusion, in addition to the LDL receptor, we have identified a novel human macrophage protein with apparent molecular mass of 43 kDa that binds chylomicron remnants. Under conditions of sterol loading, where expression of the LDL receptor is down-regulated, but where uptake of chylomicron remnants remains unchanged [7] , expression of the 43 kDa protein also remained unchanged. Therefore we propose that this protein may be a new candidate for involvement in the unabated uptake of chylomicron remnants by macrophages under conditions of sterol loading.
